Spectrophotometric method is proposed for the simultaneous determination of quaternary mixture of sulfamethoxazole, trimethoprim, propylparaben and methylparaben in pharmaceutical formulations without prior separation steps، using mean centering of ratio spectra. The method is based on the difference in the absorption spectra for sulfamethoxazole, trimethoprim, propylparaben and methylparaben. The method allows rapid and accurate determination of the four components. The results showed that the method was capable to simultaneous determination of 2. 
Introduction:
Sulphamethoxazole (SU) and trimethoprim(TR), in addition to methylparaben (MP) and propylparaben (PP), (Fig. 1 ), occur in a number of dosage forms. This synergism combination was used for the treatment of a variety of infections caused by Gram-positive and Gram-negative bacteria such as urinary and respiratory trace infections (Goodman, Gilman, 1980 : 1116 .
The UV absorption spectrum of SU, TR, PP and MP displays considerable overlap, where the application of conventional spectrophotometry failed to resolve it. No spectrophotometric analytical methods have been reported for the simultaneous determination of SU, TR, PP and MP in a multicomponent mixture, while official methods (United State Pharmacopoeia, 2009; British Pharmacopoeia, 2009) The objective of this work is to develop, a simple, sensitive and selective method for the determination of SU, TR, PP and MP in quaternary mixture. This is the first research paper on the determination of four component mixture using mean centering of ratio spectra method.
Experimental:
Standard samples and reagent 
Instrumentation:
UV-Visible double-beam spectrophotometer, Shimadzu (Kyoto, Japan) model 1650 PC, with two matched 1cm path-length quartz cells was used. The subsequent statistical manipulation was performed by transferring the spectral data to Microsoft Excel 2010 program and processing them with the standard curve fit package and matrix calculation. 
Standard and working solutions:
If the Equation (2) is mean centered, then
By dividing Equation ( 
Equation (5) is the mathematical foundation of multicomponent analysis which permits the determination of the concentration of each compound without interference from the other components of the mixture. In practice, the signal of the third ratio spectrum of TR is dependent only on 
Classical least squares method:
The mathematical formulation of this method is (Haaland and Thomas, 1988) E C A + = α where the matrix A represents the absorbance matrix, C is the concentration matrix, α is the absorptivity and E is a matrix of concentration prediction error. The matrix can be solved by computing
Analytical procedure:
Accurate aliquots of SU, TR, PP and MP were transferred from their respective working standard solutions into three series of 10 ml volumetric flasks, the volume was completed to the mark with 0.1 mol/L HCl to obtain final concentration range 2.5-64.0 µg/mL SU, 2.0-30.0 µg/mL TR, 0.16-20.0 µg/mL PP, and 0.8-20.0 µg/mL MP. The absorption spectra of the prepared solution were measured in the range of 250-285 nm.
For TR, the recorded spectra were divided by standard spectrum of 1 µg/mL SU to obtain the first ratio spectra which then was centered. These vectors were divided by the mean center of SU MP α α and, therefore the mean centering of the second ratio spectra were obtained. In the same way, the third ratio spectra can be obtained as shown in Table 1 . The mean centered values of the third ratio spectra at 260, 265, 260 and 260 for SU, TR, PP and MP, respectively were measured and plotted against the correspond concentration of each drug to construct their calibration curves.
Different synthetic mixture containing variable ratios of each SU, TR, PP and MP within their calibration ranges were prepared. The spectra of these mixtures were then recorded and the procedure that previously explained was performed to predict the concentration of each compound in the mixture.
2 ml of the Megaprime suspension was transferred to 100 ml volumetric flask and dissolved in 98.0 ml of 0.1 mol/L HCl. A 1.0 ml of this solution was transferred to 25 ml volumetric flask and the volume was completed with 0.1 mol/L HCl. The proposed method was applied to the prepared solutions.
Results and discussion:
The absorption spectra of SU, TR, PP and MP, Figure 1 , display considerable overlap, where the application of conventional spectrophotometry failed to resolve these overlapping. Till the time being, there are no other techniques for the simultaneous spectrophotometry determination of these drugs by chemometric method. The main objective of this work was to develop simple, sensitive and accurate analytical method for simultaneous determination of the drugs in their mixtures.
Mean centering of ratio spectra method (MCR):
The developed MCR method depends on the mean centering of ratio spectra to eliminate the derivative steps and therefore signal ratio was enhanced and it has been applied for resolving the four component mixture (Afkhami and Bahram, 2005) .
In order to optimize the developed MCR method, effect of divisor on the selectivity of the method has been tested. Different concentrations of each drug was tested. Table 1 shows that the divisor has a remarkable effect on the selectivity of determination of SU, TR, PP and MP where reproducible and good results have been obtained upon using concentration of 1 µg/ml of SU (for TR, PP and MP) and 1 µg/ml TR (for SU) as divisors. On the other hand, changing the concentration of the divisor had a great effect on the slop, intercept and correlation of calibration equation recorded in Table 2 . The amount of ∆λ has no effect on the mean centering of ratio spectra, a ∆λ of 5 nm was used.
The absorption spectra of the standard solutions of TR were divided by the spectrum of 1 µg/ml SU and the first ratio spectrum was obtained. The third ratio spectrum according to equation (5) was obtained; while the concentration of TR was determined by measuring the amplitude at 265 nm corresponding to a minimum wavelength in the third ratio spectrum as shown in Figure 2 . For the prediction of concentration of TR in synthetic mixtures and real samples, the same procedure was used.
In the same way, the first and third ratio spectra for PP, MP and SU were obtained. The concentration of PP, MP and SU was determined by measuring the amplitude at 260 nm as shown in Figures 3-5 , respectively.
Beer's law was obeyed in the concentration 2.5-64.0 µg/ml for SU, 2.0-30.0 µg/ml TR, 0.16-20.0 µg/ml PP and 0.8-20.0 µg/ml MP. Table 2 shows the linear regression parameters for calibration data for simultaneous determination of SU, TR, PP and MP in their four component mixtures. Detection limits are defined as the concentration equivalent to three times the standard deviation of replicate measurements of the blank are shown in Table 2 .
To check the reproducibility of the method, the relative standard deviation (R.S.D) for five replicate determinations of 5.0 µg/ml each of SU, TR, PP and MP, in quaternary mixture was obtained as 2.21, 1.97, 1.57 and 1.34 %, respectively. The mean recoveries for simultaneous determination were obtained as 99.9, 99.5, 100.5 and 100.3 % for SU, TR, PP and MP, respectively.
In order to obtain the accuracy and precision of the method, several synthetic mixtures with different concentration ratios of SU, TR, PP and MP were analyzed using the proposed method. The results are summarized in Table 3 where the prediction error of single component in the mixtures was calculated as the relative standard error (R.S.E.) of the prediction concentration (Abdollahi, 2001): estimation. Table 3 also shows the single and total relative errors for the ternary mixtures.
Classical least squares (CLS) method
The absorptivity (α) were calculated for each drug using the absorbance's measured at 8.0 points (range 250-285 nm) with intervals of ∆λ=5 in the spectrum as shown in Table 4 .
Equation (6) is a mathematical foundation of multicomponent analysis which permits the determination of the concentration of each compound without interference from the other components of the mixture, where, C SU , C TR , C PP , and C MP are the concentration of SU, TR, PP and MP respectively. The absorbance values at 8.0 points (250-285 nm) for samples were introduced into the above equations. The concentration of the four component mixtures were calculated. In order to obtain the accuracy and precision of the CLS method, several synthetic mixtures were analyzed. The results are given in Table 6 where the standard error of prediction (S.E.P.) was calculated as indicated by (Dinc et al, 2002) 
Analysis of pharmaceutical suspension:
The proposed MCR and CLS methods were applied to the simultaneous determinations of SU, TR, PP and MP in commercial suspension. Five replicates determinations were carried out. Satisfactory results were obtained for each compound in similar results with label claims (Table7). No published method has been reported for simultaneous determination of the four components of this mixture. So, the results of the developed MCR method were compared with those of the proposed CLS method. Statistical comparison between the results was preformed with regards to accuracy and precision using student's t-test and F-ratio at 95% confidence limit (Table 7) . There is no significant difference between the results with respect to accuracy and precision.
Conclusions:
The proposed method has the advantage of high sensitivity, extremely low detection limit, good selectivity, rapid analysis and inexpensive instrument. Furthermore, while working with this method. No need to use toxic organic solvents, In other words, they belong to green chemistry. The developed method was found to be suitable for the routine simultaneous determination of SU, TR, PP and MP in pharmaceutical suspension. [17] Abdollahi H. 2001: Simultaneous spectrophotometric determination of chromium(VI) and iron(III) with chromogenic mixed reagents by H-point standard addition method and partial least squares regression, Anal. Chim. Acta, 442(2), 327-336.
[18] Dinc E., Baydan E., Kanbur M. and Onur F. 2002: spectrophotometric multicomponent determination of sunset yellow, tartrazine and allura red in soft drink powder by double divisor-ratio spectra derivative, inverse least-squares and principal component regression method, Talanta, 58, 579-594. 
